T , a novel Gram-stain-positive, moderately thermophilic, endospore-forming, rod-shaped, motile bacterium, was recovered from the sediment of a hot spring in the Tagejia Geothermal Field, Angren, Tibet province, western China. Optimum growth was observed at 50-55 8C, at pH 7.0 and with 0-1.5 % (w/v) NaCl. Phylogenetic analysis of the 16S rRNA gene sequence of strain YIM 78300
Similarity levels between the 16S rRNA gene sequences of the new isolate and those of the type strains of Brevibacillus members were 96.9-96.3 %; highest sequence similarity was with Brevibacillus thermoruber DSM 7064
T . The predominant menaquinone was MK-7 and the major cellular fatty acids were iso-C 15 : 0 and iso-C 17 : 0 . The major polar lipids were phosphatidyl-N-methylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two unidentified phospholipids, an unidentified aminophospholipid and two unidentified polar lipids. The G+C content of the genomic DNA of strain YIM 78300 T was 57.9 mol%. Based on phylogenetic analyses, and physiological and biochemical characteristics, strain YIM 78300 T is considered to represent a novel species of the genus Brevibacillus, for which the name Brevibacillus sediminis sp. nov. is proposed. The type strain is YIM 78300
The genus Brevibacillus was originally proposed by Shida et al. (1996) . Based on 16S rRNA gene sequence analyses of 11 species, it was separated from the genus Bacillus and Brevibacillus brevis was designated the type species (Shida et al., 1996) . At the time of writing, the genus Brevibacillus comprised 20 species with validly published names (http://www.bacterio.cict.fr/). Most Brevibacillus strains have been isolated from the natural environment, such as soil (Logan & De Vos, 2009 ). Cells of members of this genus are Gram-stain-positive or Gram-stain-variable and motile rods (Logan & De Vos, 2009 ). Ellipsoidal endospores are formed in swollen sporangia. Most species of this genus grow aerobically on nutrient agar as flat, smooth and yellowish grey colonies. Only Brevibacillus thermoruber produces a red pigment (Manachini et al., 1985) . Chemotaxonomic characteristics of the genus include the following: the major menaquinone is MK-7; the major cellular fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 ; and the DNA G+C content ranges from 40.2 to 57.4 mol% (Logan & De Vos, 2009) . Generally, the determination of phenotypic characteristics (such as acid production from carbohydrates) of members of the genus Brevibacillus is not easy (Logan & De Vos, 2009) . Therefore, most species of the genus are difficult to distinguish from each other based solely on routine phenotypic tests.
The Tagejia Geothermal Field, adjacent to national road G219, located near the border between China and Nepal, in western Tibet province, is one of the largest and most important geothermal fields in China. During the investigation of thermophilic micro-organisms of Tagejia Geothermal Field, strain YIM 78300 T was isolated and characterized both genotypically and phenotypically. Here we characterize the new member of the genus Brevibacillus 3These authors contributed equally to this work. based on its morphological, physiological, biochemical and molecular characteristics.
Strain YIM 78300
T was isolated using R2A agar (yeast extract 0.5 g, peptone 0.5 g, Casamino acids 0.5 g, glucose 0.5 g, soluble starch 0.5 g, K 2 HPO 4 0.3 g, MgSO 4 0.05 g, sodium pyruvate 0.3 g, distilled water 1000 ml, agar 20 g, pH 7.2), following serial dilution and incubated at 60 8C for 7 days. The strain was stored as glycerol suspensions (20 %, v/v) Cultural characteristics were tested on R2A agar, trypticase soy agar (TSA), yeast extract-malt extract agar (ISP 2), nutrient agar (NA) (Waksman, 1967) , glucose-yeast extract (GYE) (Manachini et al., 1985) and Luria-Bertani agar (LB), and growth was also tested with broth of these media. On solid media, abundant growth was observed on R2A agar, TSA and ISP 2, and good growth was also observed on NA, GYE and LB media. In liquid culture, the strain grew well in R2A and TSB broths, but weakly in GYE and LB broths. Therefore, we used R2A and TSA media for further cultivation and maintenance of the new strain. Growth at different temperatures (10, 25, 37, 45, 50, 55, 60, 65 and 70 8C) was tested, and growth was observed at 37-65 8C (with an optimum at 50-55 8C) on R2A agar and TSA plates. NaCl tolerance at various concentrations (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 and 5.0 %, w/v) was determined using R2A agar medium, and the new strain was able to tolerate up to 1.5 % (w/v) NaCl. The pH range (4.0-10.0, at intervals of 1.0 pH unit) for growth was tested in R2A broth using the buffer system described by Xu et al. (2005) . The new strain grew over a pH range of 5.0-8.0 (with an optimum pH of 7.0) in R2A broth. Colours of colonies were determined by using the ISCC-NBS colour charts (Kelly, 1964) , and the colonies were circular, glossy, flat, bluish white and 1-4 mm in diameter on R2A agar plates after 3 days at 50 8C; no diffusible pigment was produced.
Morphological characteristics of strain YIM 78300
T were determined by light microscopy (Philips XL30) and transmission electron microscopy (JEM-2100; JEOL) after the culture was grown on R2A agar medium at 50 8C for 36 h. Cells of strain YIM 78300 T were rods (4.5-0.761.5-2.6 mm), occurring singly or in pairs, and they were motile in R2A broth by means of peritrichous flagella (Fig. S1 , available in the online Supplementary Material). Spores were examined by phase-contrast microscopy (DM 2000; Leica) after the culture was grown on R2A agar medium at 50 8C for 48 h; cells bore ellipsoidal endospores located terminally within a swollen sporangium (Fig. S1 ). Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH test (Cerny, 1978) , for which a positive result was obtained.
Oxidase activity was evaluated via the oxidation of tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was detected by assessing the production of bubbles on addition of a drop of 3 % (v/v) H 2 O 2 . The strain was positive for both catalase and oxidase. Tests for H 2 S production, milk peptonization and coagulation, nitrate reduction, urease activity and hydrolysis of cellulose, starch and Tweens (20, 40, 60 and 80) were performed as described by Gonzalez et al. (1978) . The strain was positive for milk peptonization and coagulation, and urease, weakly positive for hydrolysis of starch, but negative for nitrate reduction, H 2 S production, and hydrolysis of cellulose and Tweens (20, 40, 60 and 80) . Other enzyme activities were assayed using the commercial API ZYM system (bioMérieux). Sole nitrogen source or carbon source utilization tests were performed by using Biolog GEN III microplates, as recommended by the manufacturer (Biolog) and guided by the steps described by Mergaert et al. (2002) . Acid production from carbon sources was tested with the API 50 CH/B system (bioMérieux). The major differential characteristics between strain YIM 78300 T and the related type strains of B. thermoruber KCTC 3575
T and B. aydinogluensis DSM 24395 T are shown in Table 1 . The detailed physiological characteristics of strain YIM78300
T are given in the species description.
Polar lipids were prepared as described by Minnikin et al. (1979) and identified by two-dimensional TLC (Collins & Jones, 1980 (Fig. S2 ). Menaquinones were extracted (Collins et al., 1977) and analysed using HPLC (Kroppenstedt, 1982) . The menaquinones of strain YIM 78300
T were MK-7 (94.5 %) as the major menaquinone and MK-8 and MK-6 (2.2 and 1.9 %, respectively) as the minor menaquinones. This quinone system (MK-7 as the major component) is a characteristic feature of members of the genus Brevibacillus (Shida et al., 1996) . Cellular fatty acid analysis was performed by using the Microbial Identification System (Sherlock Version 6.1; MIDI database: TSBA6) (Sasser, 1990) . Biomass for fatty acid analysis was obtained from cells grown in trypticase soy broth (TSB) at 50 8C for 4 days. The major cellular fatty acids of strain YIM 78300
T were iso-C 15 : 0 (61.6 % of the total) and iso-C 17 : 0 (19.4 %), which were consistent with the profiles described for other members of the genus Brevibacillus, although the proportions were different (Table S1 ). The G+C content of the genomic DNA was determined by using reversed-phase HPLC (Mesbah et al., 1989) Extraction of genomic DNA and PCR amplification of the 16S rRNA gene was performed as described by Li et al. (2007) . The almost-complete 16S rRNA gene sequence of strain YIM 78300 T (1527 bp) was obtained. The sequence obtained was compared with available 16S rRNA gene sequences of recognized species from the EzTaxon-e server 
(http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Sequence analysis using the EzTaxon-e server showed that strain YIM 78300 T shared highest similarity with members of the genus Brevibacillus, and was closely related to B. thermoruber DSM 7064 T (96.9 %) and B. aydinogluensis PDF25 T (96.3 %).
Multiple alignments with sequences of the most closely related taxa were carried out by using the CLUSTAL X program (Thompson et al., 1997) . Phylogenetic analyses were performed by using three tree-making algorithms: neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) . These trees were reconstructed by using the MEGA version 5.0 software package (Tamura et al., 2011 ). Kimura's two-parameter model was used to calculate evolutionary distance matrices of the phylogenetic trees (Kimura, 1980) . Bootstrap analysis was performed with 1000 replications (Felsenstein, 1985) . Anoxybacillus voinovskiensis TH13 T (AB110008) was used as an out group. The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showed the novel strain formed a clade with B. thermoruber DSM 7064 T and Brevibacillus aydinogluensis PDF25 T , which was well separated from other members of the genus Brevibacillus (Fig. 1) . The stability of the tree was further confirmed by using the maximum-likelihood and maximum-parsimony methods (Figs S3 and S4) .
Therefore, on the basis of phylogenetic analysis, and phenotypic and chemotaxonomic characteristics (Table 1 and S1, Figs 1 and S1-S4), the new isolate should be affiliated to the genus Brevibacillus. However, strain YIM 78300 T could be distinguished from B. thermoruber KCTC 3575 T and B. aydinogluensis DSM 24395 T based on several properties, such as temperature range and NaCl tolerance for growth, hydrolysis of cellulose, gelatin, starch and Tween 40, utilization of carbon sources and nitrogen sources, and the presence of some fatty acids. In addition, analyses of 16S rRNA gene sequence divergence, and differential phenotypic properties, especially enzyme activities and utilization of sole carbon sources and nitrogen sources, indicate that strain YIM 78300 T represents a novel species of the genus Brevibacillus, for 
Brevibacillus panacihumi DCY35 T (EU383033)
Brevibacillus invocatus NCIMB 13772 T (AB112718)
Brevibacillus fluminis CJ71 T (EU375457)
Brevibacillus ginsengisoli Gsoil 3088 T (AB245376)
Brevibacillus laterosporus DSM25 T (AB112720)
Brevibacillus massiliensis phR T (JN837488)
Brevibacillus borstelensis NRRL NRS-818 T (D78456)
Brevibacillus levickii LMG 22481 T (AJ715378)
Brevibacillus fulvus K2814 T (AB688095)

Brevibacillus sediminis YIM78300T (KP985221)
Brevibacillus thermoruber DSM 7064 T (Z26921)
Brevibacillus aydinogluensis PDF25 T (HQ419073)
Anoxybacillus voinovskiensis which the name Brevibacillus sediminis sp. nov. is proposed.
Description of Brevibacillus sediminis sp. nov.
Brevibacillus sediminis (se.di9mi.nis. L. gen. n. sediminis of sediment).
Cells are aerobic, Gram-stain-positive rods (4.5-0.7| 1.5-2.6 mm), occurring singly or in pairs and are motile in R2A broth by means of peritrichous flagella. Bears ellipsoidal endospores located terminally within a swollen sporangium. Colonies are circular, glossy, flat, bluish white and 1-4 mm in diameter on R2A agar plates after 3 days of incubation at 50 uC. Growth occurs at pH 6.0-8.0 (with an optimum pH of 7.0), at 37-65 uC (with an optimum at 50-55 uC) and in the presence of 0-1.5 % (w/v) NaCl. Positive for catalase and oxidase, milk peptonization and coagulation, and urease, weakly positive for hydrolysis of starch, but negative for nitrate reduction, H 2 S production, and hydrolysis of cellulose and Tweens (20, 40, 60 and 80) . According to the API ZYM system, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase; negative for a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase. In medium for acid production from carbohydrates using the API 50CH system, acid production is positive from D-ribose, D-fructose, L-sorbose, mannitol, N-acetyl-D-glucosamine, aesculin, glycogen, D-tagatose and 5-keto-D-gluconic acid; negative results from glycerol, L-arabinose, D-xylose, D-glucose, D-mannose, sorbitol, amygdalin, arbutin, cellobiose, synanthrin, D-lyxose and 2-keto-D-gluconic acid. Positive for utilization of D-galactose, L-fucose, L-rhamnose, D-fructose 6-phosphate, D-glucuronic acid, glucuronamide and tetrazolium violet in the Biolog GEN III MicroPlate assay (0.4 % NaCl instead of GN/GP inoculation fluid as the solution for cell suspension). The major menaquinone is MK-7. The major cellular fatty acids are iso-C 15 : 0 and iso-C 17 : 0. Polar lipids consist of phosphatidyl-N-methylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, two unidentified phospholipids, two unidentified polar lipids and one unidentified aminophospholipid.
The type strain, YIM 78300 T (5DSM 29928 T 5CPCC 100738 T ), was isolated from sediment of a hot spring in the Tagejia Geothermal Field, Angren, Tibet province, southwest China. The DNA G+C content of the type strain is 57.9 mol%.
